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Inflammatory conditions mediated by activated microglia lead 
to chronic neuro-degenerative diseases such as Alzheimer's, 
Paikinson's, and Huntington's diseases. This study was 
conducted to determine the effect of floridoside isolated from 
marine red algae Laurenda undulata on LPS (100 ng/ml) 
activated inflammatory responses in BV-2 microglia cells. The 
results show that floridoside has the ability to suppress 
pro-inflammatory responses in microglia by maricedly inhibiting 
the production of nitric oxide (NO) and reactive oxygen species 
(ROS). Moreover, floridoside down-regulated the protein and 
gene expression levels of iNOS and COX-2 by significantly 
blocking the phosphorylation of p38 and ERK in BV-2 cells. 
Collectively, these results indicate that floridoside has the 
potential to be developed as an active agent for the treatment 
of neuro-inflammation. [BMB Reports 2013; 46(8): 398-403] 



INTRODUCTION 

Microglia, a resident macrophage cell in the CNS, comprises 
about 10% of the total glial cells of the brain (1). Upon activa- 
tion, microglia change their morphology from ramified to 
amoeboid shape, and secrete inflammatory cytokines and neu- 
rotoxic factors (2). However, the excessive production of in- 
flammatory mediators such as interleukin-1 beta (IL-1P), tumor 
necrosis factor alpha (TNF-a), interleukin-6 (IL-6), nitric oxide 
(NO), prostaglandin E2 (PGE2), and reactive oxygen species 
(ROS) could lead to the breakdown of CNS balance (3). 
Previous reports indicated that excessive activation of micro- 
glia caused chronic neuro-degeneration in patients with 
Alzheimer's, Parkinson's, and Huntington's diseases (4). 
Chronic neuro-degeneration could be mimicked by a wide 
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variety of stimulators, such as lipopolysaccharide (LPS), phor- 
bol 12-myristate 13-acetate (PMA), and hydrogen peroxide 
(H2O2). Exposure to LPS particularly activates microglia 
through TLR4 receptor, and induces the secretion of pro-in- 
flammatory mediators, eventually causing neuron injury (5). 
NO and PGE2 are secreted by activated microglia have been 
reported as crucial factors for the progression of neuro-in- 
flammation (6-8). NO is generated through nitric oxide syn- 
thases enzyme (iNOS), while PGE2 is produced by cyclo- 
oxygenase-2 enzyme (COX-2) (9). The expression of iNOS and 
COX-2 are regulated via mitogen activated protein kinase 
(MAPK) signaling pathways (10-12). 

Recently, more attention has been given to explore natural 
metabolites as potential therapeutic agents against toxicities as- 
sociated with chronically activated microglia (13). For exam- 
ple, hepitaondiol, pacifenol, stypotriol triacetate, and paeonol 
are natural marine substances that have been reported as po- 
tent neuro-protective agents (14, 15). Marine organisms are a 
source of plentiful bioactive metabolites, and marine red algae 
are an especially well-known source of anti-bacterial and anti- 
oxidant metabolites (16, 17). Floridoside, a natural glycerol 
galactoside, was initially isolated in 1930 from the red algae, 
Laurenda undulata (L. undulata), by Colin and Gueguen (18). 
The molecular formula of floridoside is CgHigOe, and it con- 
tains six carbon rings with 4 hydroxyl groups and one gal- 
actopyranosyl residue with 2 hydroxyl groups (19). In a pre- 
vious study, the ROS scavenging ability of floridoside was 
identified (19). The present study was planned to investigate 
the protective effects of floridoside against neuro-inflammation 
in LPS-activated BV-2 microglia cells. 

RESULTS 

Selection of the stimulator 

Microglia cells are activated by the stimulation of LPS, PMA, 
and H2O2 (20, 21). These three stimulators were used to inves- 
tigate the influence of different stimulators on NO production. 
BV-2 cells were treated with different concentrations (10, 50 
and 100 ng/ml) of each stimulator for 24 h. As shown in Fig. 
IB, LPS-treated BV-2 cells produced more NO over other 
stimulators. Therefore, LPS (100 ng/ml) was selected as the 
stimulator for this study. 
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To examine the effect of LPS with incubation time, the re- 
lease levels of NO were tested in BV-2 cells treated with LPS 
(100 ng/ml) and incubated at different time intervals (3, 6, 18 
and 24 h). As shown in Fig. IC, NO secretion was significantly 
increased after 18 h. 24 h of incubation with LPS (100 ng/ml) 
was selected for BV-2 cell activation. 

NO inhibitory effect of floridoside in activated BV-2 cells 

Activated microglia cells lead to the generation of NO (22). 
Before the investigation of the NO inhibitory effect of florido- 
side on LPS-stimulated BV-2 cells, the cytotoxicity of florido- 
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Fig. 1. The structure of floridoside and tine effect of different stim- 
ulators on NO production of BV-2 cells. (A) Chemical structure of 
floridoside. (B) Effect of different stimulators on the NO production 
of BV-2 cells. Cells were maintained in serum-free medium for 1h 
and treated with different concentrations (10, 50, 100 ng/ml) of the 
stimulators for 24 h. Conditioned media was collected and NO 
production level was assessed by using Griess reagent. (C) Time 
dependent effect of LPS (100 ng/ml) on BV-2 cells. LPS was treat- 
ed to BV-2 cells cultured in serum free media. Conditioned media 
was collected at different times (3, 6, 18, 24 and 50 h) and NO 
concentration was measured. Data are presented as means + 
standard deviation (SD) of three independent experiments (n = 3 
total). *'Means with different letters are significantly different (P < 
0.05) according to Tukey b multiple range test. 



side was confirmed by MTT assay. BV-2 cells were treated 
with different concentrations of floridoside (1,10 and 50 p,M) 
for 24 h. As shown in Fig. 2A, all groups tested showed more 
than 90% cell viability. These results indicated that floridoside 
(1-50 jiM) has no significant cytotoxicity on BV-2 cells (23-25). 

As shown in Fig. 2B, LPS-induced NO production (7o of 
control) of BV-2 cells was significantly decreased by florido- 
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Fig. 2. Effect of floridoside on the viability and activation of BV-2 
cells. (A) Effect of floridoside on viability of BV-2 cells. Cells were 
serum starved for 1 h and treated with LPS (100 ng/ml) followed 
by the treatment with floridoside (1, 10 and 50 |j,M) 24 h. Cell 
viability was assessed by MTT assay. (B) Time dependent NO in- 
hibitory effect of floridoside. Cells were cultured in serum-free me- 
dia and treated with LPS (100 ng/ml) for 1 h and then incubated 
with floridoside (1, 10 and 50 jxM) for 50 h. Conditioned media 
was collected at different times (18, 24 and 50 h) and NO pro- 
duction levels were compared. (C) Inhibitory effects of different 
concentrations (1, 10 and 50 ^M) of floridoside on LPS-induced 
NO production in BV-2 cells. Conditioned medium was collected 
after 24 h and NO concentration was measured using the Griess 
reaction. Standard nitrite curve was used to quantify the NO pro- 
duction level. Data are presented as means + standard deviation 
(SD) of three independent experiments (n = 3 total). ^"''Means 
with different letters are significantly different (P < 0.05) accord- 
ing toTukey b multiple range test. 
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side at 18, 24 and 50 h of incubation. To quantify the effect of 
floridoside on NO production in activated microglia, BV-2 
cells were exposed to LPS with floridoside for 24 h. As shown 
in Fig. 2C, floridoside dose-dependently suppressed NO 
production. Treatment with 50 \iM of floridoside showed 
around 50% reduction in NO level in activated BV-2 cells. 

Intracellular ROS scavenging effect of floridoside in activated 
BV-2 cells 

To analyze the intracellular ROS scavenging effect of florido- 
side, BV-2 cells were activated with H2O2 (500 \iM). 
Intracellular ROS levels were measured by detecting the fluo- 
rescence intensity of the oxidant-sensitive probe DCFH-DA. 
BV-2 cells were treated with different concentrations of florido- 
side (1,10 and 50 (xM) for 1 h, followed by stimulation with 
H2O2 (500 jiM). As shown in Fig. 3, floridoside dose-depend- 
ently reduced intracellular ROS levels. The ROS scavenging ef- 
fect was dose dependent, and 50 jiM of floridoside decreased 
the fluorescence intensity by up to 59.89% compared to the 
control group untreated with floridoside. 

Inhibitory effect of floridoside on iNOS and COX-2 
expression in activated BV-2 cells 

Activated microglia induces the expression of inflammatory 
enzymes such as iNOS and COX-2. Western blot and RT-PCR 
analysis were used to measure the protein and gene ex- 
pression levels of iNOS and COX-2. To determine whether flo- 
ridoside inhibits LPS-induced iNOS and COX-2 expression in 
BV-2 cells, cells were treated with LPS in the presence or ab- 
sence of floridoside. As shown in Fig. 4A, mRNA and protein 
expression of iNOS and COX-2 have increased in LPS-treated 
BV-2 cells. However, the cell groups treated with floridoside 
showed dose-dependent inhibition of iNOS and COX-2 
expression. Moreover, the cells treated with 50 |j,M of florido- 
side showed significantly lower iNOS and COX-2 expressions. 




Time (min) 

Fig. 3. ROS scavenging effect of floridoside in H2O2 (500 jiM) 
activated BV-2 cells. Intracellular ROS levels were measured by 
detecting the fluorescence intensity of the oxidant-sensitive flor- 
escent probe DCFH-DA. Florescence intensity was recorded at dif- 
ferent time intervals (0-120 min) in the presence of floridoside (1, 
10 and 50 pM). 



The floridoside-induced reduction in iNOS expression exhibits 
a similar pattern to that of the floridoside-mediated inhibition 
of NO production (Fig. 2B, 2C). These results indicate that flo- 
ridoside has probably suppressed the NO production by re- 
ducing the protein and gene expression levels of iNOS. 

Effect of floridoside on MAPK protein expressions in activated 
BV-2 cells 

To assess the effect of floridoside on MAPK signaling pathway 
molecules, Western blot analysis was used. BV-2 cells were 
prepared in the same way as described earlier. As shown in 
Fig. 4B, floridoside did not inhibit the LPS-induced phosphor- 
ylation levels of JNK, while ERKl/2 and p38 were evidently in- 
hibited by floridoside treatment. Phospho-ERKI expression lev- 
els were gradually decreased, while the phosphorylation of 
p38 was markedly inhibited at a concentration of 50 \iM. 

DISCUSSION 

Microglia residing in the CNS is involved in regulating im- 
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Fig. 4. Effect of floridoside on the expression of signaling mole- 
cules in LPS activated BV-2 cells. (A) Floridoside mediated in- 
hibition of protein and mRNA expression of COX-2 and iNOS. 
Protein and mRNA levels of COX-2 and iNOS were analyzed by 
Western blot and RT-PCR, respectively, p-actin and P-tubulin ex- 
pressions were used as an internal controls. (B) Effect of florido- 
side on inhibition of MAPK molecules, p38, JNK and ERKl/2. 
Protein expression levels were analyzed by Western blot. The ex- 
pression levels were quantified and presented in graphical form. 
Data are presented as means + standard deviation (SD) of three 
independent experiments (n = 3 total). *'Means withdifferent let- 
ters are significantly different (P < 0.05) according to Tukey b 
multiple range test. 
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mune responses. However, the uncontrolled activation of mi- 
croglia leads to progressive neurodegenerative disorders. 
Microglia are activated due to various stress factors. Upon acti- 
vation, both immediate protein kinase responses and sub- 
sequent changes in the expression of hundreds of target genes 
lead to a neuro-inflammatory response (26). A number of re- 
ports have shown that activated microglia release excessive in- 
flammatory mediators such as NO, ROS, and cytokines (27). 
Therefore, regulating microglia activation is considered a ma- 
jor target in the treatment of neuro-degenerative diseases. 

In the current study, the effect of floridoside isolated from 
marine red algae Laurencia undulata against LPS-mediated 
BV-2 microglia activation was analyzed. Our results indicated 
that LPS stimulation elevates NO production via up-regulating 
iNOS expression more efficiently than other stimulators such 
as H2O2 and PMA (Fig. 1 B). Moreover, it was observed that 
NO production was highest at 24 hours of LPS (100 ng/ml) 
stimulation compared with non-stimulated microglia cells (Fig. 
IC). From these results, it was identified that microglia cells 
activate and generate NO effectively by LPS (1 00 ng/ml) treat- 
ment for 24 hours. 

Recently, many reports have focused on the identification of 
preventive agents from marine sources for neuro-inflammatory 
diseases (14, 1 5). In a previous study, it was found that florido- 
side shows a significant ROS scavenging effect on macrophage 
cells (19). Therefore, in this study, focus was centered on eval- 
uating whether floridoside has the ability to control in- 
flammatory responses in activated microglia. Under inflamma- 
tory conditions generated by 100 ng/ml of LPS, floridoside in- 
hibited the NO and ROS production levels, dose- and time-de- 
pendently (Fig. 2B, 2C, 3). 

The unregulated production of NO and ROS by activated 
microglia cells could damage or mediate the death of nearby 
neurons, by inhibiting mitochondrial respiration in neuron 
cells (28). In addition, COX-2 also plays an important role in 
mediating PGE2 production, which is related to the neuro-in- 
flammatory response (29). Our results showed that floridoside 
significantly attenuated both the LPS-induced up-regulation of 
iNOS, COX-2 mRNA, and protein expressions, and thereby in- 
hibited NO and PGE2 production levels. 

Recent studies have revealed that marine compounds can at- 
tenuate signalling pathways, such as MAPK pathways -- JNK, 
p38, and ERK1/2 -- which are connected to the regulation of 
the neuro-inflammatory response (13, 30). In this study, it was 
shown that the LPS-activated phosphorylation of p38 and 
ERK1/2 were inhibited by floridoside. However, the expression 
level of phospho-JNK did not inhibit by floridoside treatment 
(Fig. 48). The p38 and ERK1/2 signalling pathways are known 
to regulate the transcription of pro-inflammatory enzymes likes 
iNOS and COX-2. Moreover, recent research has also shown 
that NO production in microglia cell is suppressed via block- 
ing ERK and p38 signaling pathways (31). Therefore, it could 
be suggested that the neuro-inflammatory response in acti- 
vated microglia and the subsequent production of ROS and 



NO via overexpressed iNOS and COX-2 were inhibited by flo- 
ridoside treatment, most probably through the suppression of 
p38 and ERK1/2 signalling pathways. Collectively, it can be 
suggested that floridoside has the potential to act against pro- 
gressive neuron damage via regulating microglia activation. 

The active focus of floridoside is ascribed to the six carbon 
rings with 4 hydroxyl groups and one galactopyranosyl residue 
with 2 hydroxyl groups (Fig. 1A). Most of the bioactive com- 
pounds show strong antioxidative activity by reacting as hydro- 
gen- or electron-donating agents, and metal ion chelating prop- 
erties of their phenolic groups. The results presented suggest 
that the floridoside with hydroxyl groups has higher protection 
against inflammation and oxidative stress. In conclusion, this 
study has revealed that floridoside effectively attenuates the in- 
flammatory response in LPS-activated microglia cells via block- 
ing p38 and ERK MAPK signalling pathways. Therefore, it 
could be suggested that floridoside could be developed as a 
candidate therapeutic agent against neuro-inflammation- medi- 
ated neuro-degeneration. 

MATERIALS AND METHODS 

Chemicals and preparation 

Floridoside isolated from the red seaweed L undulata was ob- 
tained from our previous study (19). BV-2 mouse microglia 
cells were purchased from Gibco BRL, Life Technologies 
(Grand Island, NY). Cell culture medium [DMEM], pen- 
icillin/streptomycin, FBS, and other materials required for cul- 
turing cells were purchased from Gibco BRL, Life Technologies 
(Grand Island, NY). LPS of Escherichia coli 026:86, Griess re- 
agent, and MTT were acquired from Sigma (St. Louis, US). 
Specific antibodies used for western blot analysis were pur- 
chased from Santa Cruz Biotechnology Inc. and Amersham 
Pharmacia Biosciences (Piscataway, US). Other chemicals and 
reagents used in this study were analytical grade. 

Cell culture and viability assay 

8V-2 cells were maintained in a 5% CO2 humidified atmos- 
phere at 37°C in DMEM supplemented with 5% heat-in- 
activated FBS, 100 lig/m\ of streptomycin, and 100 U/ml of 
penicillin. The cells were cultured via two to three passages 
per week. Before the experiment, the cells were conditioned at 
least 1 h in serum-free medium. 

Cell viability was determined by MTT reduction assay, as de- 
scribed by Hansen et a/. (32). In brief, the cells were pre-in- 
cubated overnight in 96-well plates and pre-treated with 100 
ng/ml concentrations of LPS for 1 h. Then, the cells were treat- 
ed with different concentrations (1,10 and 50 |a,M) of florido- 
side and incubated at 37°C for 24 h. After the culture super- 
natants were removed, the resulting purple formazan were dis- 
solved with DMSO (33). Absorbance values were read at 540 
nm on a GENios microplate reader (Tecan Austria GmbH). 
Relative cell viability was calculated relative to the absorbance 
of the LPS untreated group. 
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ROS assay 

Intracellular ROS levels were measured by detecting the fluo- 
rescence intensity of the oxidant-sensitive DCFH-DA. In brief, 
DCFH-DA is diffused into the cells, and is de-acetylated by 
cellular esterase to non-fluorescent 2', Z'-Dichlorodihydrofluo- 
rescin (DCFH), which is rapidly oxidized to highly fluorescent 
2', 7'-Dichlorodihydrofluorescein (DCF) by ROS. BV-2 cells 
grown in fluorescence microtiter 96-well black plates were la- 
beled with 20 nM DCFH-DA in HBSS, and incubated for 30 
min in the dark at 37°C. Then, the cells were treated with dif- 
ferent concentrations of floridoside and incubated for an addi- 
tional 1 h. After the cells were washed with PBS 4 times, 500 
|j,M H2O2 (100 |j,l) was added. The intensity of the fluo- 
rescence signal was detected time-dependently with an ex- 
citation wavelength of 485 nm and emission wavelength of 
535 nm using a GENios microplate reader. The dose-depend- 
ent and time-dependent effects of treatment groups were plot- 
ted and compared with the fluorescence intensity of the con- 
trol (H2O2 treated) and blank (H2O2 untreated) groups. 

NO assay 

NO production of the culture supernatants were measured by 
the Griess reaction, as described earlier by Coker and Laurent 
(34). In brief, nitrite is detected and analyzed by the formation 
of red pink color upon mixing NO2" containing conditioned 
media with Griess reagent. The cells were pre-treated with 100 
ng/ml concentrations of LPS for 1 h. The cells were treated 
with different concentrations of floridoside (1, 10, and 50 nM) 
and incubated at 37°C for 24 h. Then, 50 jxl of culture super- 
natants from each sample were mixed with the same volume 
of Griess reagent, and the absorbance values were read after 
15 min at 440 nm on a GENios microplate reader (Tecan 
Austria GmbH). 

Western blot analysis 

Standard procedures were used for the Western blotting. In 
brief, BV-2 cells pre-treated with LPS (100 ng/ml) for 1 h and 
treated with different concentrations of floridoside (1,10 and 
50 jaM) for 24 h in 37°C incubator were lysed in RlPA buffer 
(sigma aldrich, USA), for 1 min. The remaining cell debris was 
removed by centrifugation. The protein concentrations of the 
cell lysates were determined using BCA method. Cell lysates 
containing equal amounts of proteins (~ 20 |a,g of total protein) 
were separated by SDS-PAGE gel electrophoresis and elec- 
tro-blotted onto a nitrocellulose membrane. The membranes 
were blocked with 5% BSA and then incubated with desired 
primary and secondary antibodies (primary antibodies; ERK, 
p-ERK, JNK, p-JNK, p38, p-p38, COX-2, iNOS, P-actin, P-tubu- 
lin (Santa Cruz)). The protein expressions were detected by 
chemiluminescent ECL assay kit (Amersham Pharmacia 
Biosciences), according to the manufacturer's instructions. 
Blots were visualized using an LAS3000® Luminescent image 
analyzer, and the protein expression levels were quantified by 
Multi Gauge V3.0 software (Fujifilm Life Science, Tokyo, 

402 BMB Reports 



Japan). 

RNA extraction and Reverse transcription (RT)-PCR analysis 

Total RNA was extracted from BV-2 cells treated with LPS in 
the presence or absence of floridoside using TRIzol® reagent, 
as reported in the manufacturer's manual. The cDNA synthe- 
sized from mRNA was then incubated for a further 1 h at 
42°C. PCR was carried out in an automatic Whatman thermo- 
cycler (Biometra, Kent, UK). Single-stranded cDNA was ampli- 
fied by PCR with specific primers for iNOS, COX-2, and P-ac- 
tin, and primer sequences were used to amplify the desired 
cDNA fragment as follows: iNOS forward and reverse primers: 
5'-CCCTTCCGAAGTTTCTGGCAGCAGC-3' and 5'-GGCTGTC 
AGAGCCTCGTGGCTTTGG-3'; COX-2 forward and reverse 
primers: 5'-GGGGTACCTTCCAGCTGTCAAAATCTC-3' and 5'- 
GAAGATCTCGCCAGGTACTCACCTG-3'; P-actin forward and 
reverse primers: 5'-CCACAGCTGAGAGGGAAATC-3' and 5'- 
AAGGAAGGCTGGAAAAGAGC-3'. The following PCR con- 
ditions were applied for all amplifications: 30 cycles of denatu- 
ration at 94°C for 30 s, annealing at 57°C for 30 s, and ex- 
tended at 72°C for 30 s. The resulting cDNA was separated by 
electrophoresis on 1% agarose gel for 15 min at 100 V, fol- 
lowed by visualization under UV light after ethidium bromide 
staining. Band intensities were quantified with Multi gauge 
software (Fujifilm Life Science, Tokyo, Japan), and the bands of 
specific genes were normalized using P-actin as references. 

Statistical analysis 

All data are presented as means + standard deviation (SD). 
The mean values were calculated based on data from at least 

three independent experiments that were conducted on sepa- 
rate days using freshly prepared reagents. Data were analyzed 
using the analysis of variance (ANOVA) test of the statistical 
package for the social sciences (SPSS). Significance differences 
between treatment groups were determined using Tukey b 
multiple range tests. The significance of differences was de- 
fined at the P < 0.05 level. 
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